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->- he "quiet" group deteriorated less than the protected or unprotected noise group. Similarly, all three groups

showed improvement on the reaction time test near the end of the watch. There apparently was a learning factor.

Perceptual interference was measured by a modification of the Stroup color word test. Again, all groups im-

proved their overall performance on the retest toward the end of a watch. :*.

Implementation of educational and compliance techniques is recommentn4 to get more people to wear hearing

protection to help save their hearing, improve their psychomotor performance, and reduce their perceptual inter-

ference in noise.
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OBJECTIVE

Determine the effects of noise exposure on hearing performance of engineering per-
sonnel standing l-in-3 watches in spaces having steady-state noise levels of 94 (±7) dBA.

RESULTS

I. Effects of continual I-in-3 watches (4 hours in noise and 8 out) over a 10-day
period were evaluated. (See CONCLUSIONS in report proper.)

SRECOMMENDATIONS

1.Ve rify the results of this study by repeating the most significant parts with an ex-
panded shipboard team.

2. Develop a wearable Inoise level accutmulator to supplement existing noise dosi-
meters and to better correlate perforttatnce and hearing tests to actual noise exposure.

3. Iltpletnent educational and compliance techniqules to encourage more people to
wear hearing protection to help save their hearing, improve their psychottotor performance,
and reduce their perceptual interference in noise,

! ;•
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IN I RODUCTION

This report, one ot very lew field stutd ies of thIe etfects oit noise onl licring and per-
fortuance. is as iniportant for its eventual shortcomings as for its solid scientif-ic (statistically
signiificant) find ings. First. it should be pointed out that or budgetary reasons thle origzinal
research proposal wats signlificantly altered. As initially planned, it was to be af comnprehlen-
sive study of the etfects onl engi leeringz and air departmnent terson tel of' noise. !ieat/liuindi t y,
ship routine. antd overse-a deployment stresses on htearing. pcrtoriiiaice . sleep), type and extent
of sick call and morale. As actunally carried out, thle study Was Ijiti ited to tlte e flects ofI noise
eXposure oit heariing and perfisrmttance (itf enginleering personiiel Standing I-i i-3 swatchtes ill
spaces having steady-state noisc levels of i)4 (17) MIBA. The original int ent wvas to fiindl t he
effects onl recovery front noise-iitduced tenmporary thlreshold shifts oif' bet weeli-watcht ntoise
levels fii berthing/miessing spaces and recreation and/~or rout inc activities, Init ial plaits were
for doing th Isetutdy nit aii aircraft carrier (C'V) going. inito an extensive overhauil progranm so
that ttoise control mlseasures could have beer) inlSti tuteit itl nitlwat Cl areas. Inistead,. opsera-
t ional coinstrainits resulted itl performuing tfite stitidy oili a shitp. thIe LISS OR (ISKRAN Y ((VA 34),
liat wats ntakintg its last deploymenrit bsefore beiing deciiotmmissiiined.

A seciitnd ares sf coinproitise conicernedlftie origiinal choiice bietwseen a general fielid
(ship)I sI tdy amid coittrolled laboratory experiment.t Labiiratory expteritmenitatiott is apspro-
(irate fur defititig procise noise expiistire limits, hilt tield st tdies aire lmeces~ary tis valitdate
thetm. If' laboratosry resuilts are tos be valid. dlifferotnccs betwveent field and labuurator e helauior

ofl the sitlject s for tilt' itotal day, week, or tonou mu it lisbe accomii td u., This intsiuves
elaborate sitmulat isns itsl ile labsoratory. itas, for examptle, ill Pniiject PING, . its which 20 sailoir,

were coti'(ued to afis ensotiified barracks fuo(t) 60lay's I ,e ref 1, Canttrell. 19~J74 t, or griis
extratpolatiotis oftdata for vxa plvsl, perfotittance test reitills for 311-itifitiie e\splsiires k ev
ref 2, I hartley and Adamts, 19)74) t pi (redict iestlstilts u 40t ttintiiteN. Present-(day ((ittilt~itiu~

tilt tlte uive of' htumtait stilects atnd iii tact thte i~~hcb l l'ui res,urclt rehsmlts it)opi~eratiionial

runnitntg basic laboratory stitiies :retin moluue cost I andltis~uititltp For (lies, reasulits
is i easivr to iustify fielid (Shtitll mtudiie cciI though it is kituin t1ill adliatce thatm mimailitaittitip

* ,i~~~~deqitite ciittrol, is difficuilt if' nit tttt(Siisil. Itt this case 11Vtvad st ,ilstate 1101Ws 'XpliisireS
Inivolved 19)4 117) t lBA) for inl avireruf of x htours tier da\ to~ iss ;-i ta y cyclel -ecvvkl ilti iii
atble tillittim is 'seiitivkl h\ (Iccupattiltal Safevt andi H ealthl Adnnimit attili Stantdarids tf 115 IA)

* t re
5~~1 3) ort (IS Nifty t Bhultiedt I NS I 620twitlI. ref 41 t utit itotis, I teitefiirv, Iml'it ing tihI(is

risy eN (iitisre for it labioratormy VxpermitIeIt wiould be% ititVittntne\p(ittsiVV .1lmd (serltals
evelit t'ittile. to Iii nay U.SN Imiadltnims tttitteS tandi thieVe s-pc.. ut witches iday ill aitui iJay iutt

atil least fitt Vertailt ittytaitted Nivteuimtttp (erilos tieV t Ile ot vott,1tio ttiit lisett tilt Offi' ItIkl\

* ~SitItllarly . 111t. ipplicallillty ot tIle results i\ agmilt biuilt imto tilie stitily thesev aire (irecisele fthe
Votkittlutoit thit till V\st,1ii ill (itch1 nIeti work, alttl (i.e. 11It (iill)Vcliti tole,(its Is
relatively iteq)Vlsstr amid I1IItttel'4vtt Illtmehoill O uviuidtin *ilao Iiuttmnx sittiulait iut'l

II(itiiii...lii.



Thle more elaborate coordinated miultidiscipline st udy originall y planned and nec-I
essary for the understandihng of the e ffects of noise on all measunrable aspects of' h~unan enl-
deavor will not be discussed here, lBnt parts of the comspronmise, prelplanned, carefln ly
counterbalanced ex perimental design and its intendled innplementa tion will he dlescribedt in
order to ilfust rateý the many problenms in herenit in fiefld experiments as well as thre comnpro-
mises necessary to salvage useful data fromn them. As stated in the opening sentence, perhaps
as mnuch is to be learned from thse problems encountered as fromn thle results.

MiETHIOD

EXPERIMENTAL GROUPS

There is a choice of twso general methods of' trying to control the measurements oft
thle effects of noise exposure onl experimental subjects: either use thie sarni subjects uinder
bo~th noisy and quiet Condlitions, Or use dfifferent groups. one in noise. the other in quiet.
Since heal/huinidity stresses were also usually presen t in the noisy areas stutdied here I fire!
machinery rooms), a InIodlificatiion Of thle eCOnuf riethtod rising thtree groups was eniplovesl.
One group of 24 nsen. eight onl each of three wuatchtes I 0X31. weas %elected that stood
swaltches in IteV noisy areas I94( ± 71 dIBA I and by thIeir own choice wore no hearing printec.

hiots (see fig I ). This first grosup was calledl (lie Unprotectedf Norise ( LIN ) group. A seconisd'
group of 12 mets (4X31 wsea selected that sutood swa tch it) tre sarise nomisy areas bitt who e~it icr
habitually or for thne dturations of' these! tests snore be~arimig protect mrs plugs oir tituffs Iha

atteniuated soutnds its the speech raisge. 51)0 40110 1 lz . 18 IX4 71 sf111 see fig 21. 1This seetid
group wsea valled ltne Plrotec:ted Noisie (I N I grotup. A thirdh group 01' 12. tilie Quliet (Q) fgrouip.
stood wvaltces iii levels of 69u Wil, dflA (ss'e fig 31.

Fromt lteQ very first baseline tests I(whilse ON ISKAN Y was still at ifosck in Alatttesa,
C'ali fornia). antd thurouighoust the swhtole al-seut period.l t Its presleclesl groupinttigs serer unravoid-s
ably subject to chantge. New nicit tad toi be asdded sItite to iiil ani~rdi walvtt -wel' s lts es rearranlge-
inents. sicknress, ablsettes withtout leave, costfilivietiiet in tilie brig. andu 1 lie re~listaire tifl 1lie

voutnuLee r -subject s Ito vontti itun as I lie ox peVrititetIt prtmgrs'sscul I
F 'veiltlre assigitnti'tl Of Inilttit fuVx perinltite al proustp tail Ito [IsV Veltatg wlteIt it seas

itottid that Miatty mserbitirs ofth tIeUN group) snore tiuV prsr tels'plrisrie OWL)) alt Iheir
sduty s aiis I see fig 4 atndl51 Witrse vet. misiti sortts Sill' part ofIts' titre iv butt tnot alwa~ys.

* ~~~~Thatt is. Ithey occasiontally Nuibsit tistIw fur, ire %vaiplwdu jilbs for, oits part icutlar watch (tr part
* ut ~~~~oit. For e-atnple, utilis tle ;iy they were givent kIls lisi't oritutucs IVSk . t heir Jul ty inctltudedf

* ~~~~~acting ats till Sill' talker Isee fig (it. These tts'nI wer a rel iitl rs'classtlted frormr Its'e UIN
to thIe hiN groutp shelrn thle remults if I ftci Ilttrfinrtrttc tessi kk nussrs' r vitts'ps'cs I liossser, sshesn

* ~~~~~askeds atl lite metrintitroi tif' thre sxperinrs't t shet lvtsor ,irctut flre) usore sritveetlllo, four nti

tlte suibjeet% whlo seers' sbservesl wearinug Sll,~ sa cutilittn. o tll lts' suece tttv)lst pilIcIh ititnrg
fsrr ai marte oct tfle day srI Ills fterlsirlaciitr tests mnid 55i'rv titirritV%'IVt Ilo thist of v its'Itine Inl
acttuality. Ihecefusre. thle comtpositionu tit tilie satipls' jltilstlailr Ots ariet soniis'wls lot varturns

itlas"'i sof tilte sItudly. For 0'mi Itlils'. teters wets' always 12 ttl'iv'vl, it In' 11V pssitoo s's'l through
all I2 sl id fuil partimlat' titt every plltis Vor I t'tlirte; itts't ric r'ts I\ Itere sn'rs' I I Qt tuhlev1%t.
I I mml [lis ' N group~. 0 tit flie LIN Itroup and.1 tmiuXiit lits' Ass wdtiitslIirlritccs'sf Ititoup I A L'N .
For Itle twit pel-rfirtartes tests til's te l s-avilillsls' users' 123 I$ 15N\ an ;iiilli 1 tN\
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NOISE EXPOSURE

Two factors determine noise exposure--noise level (ait the inner car) and duration of'
exposure. In practical terms this insvolves measuring the arrihient noise level (at car cantal),
the duration for each level, and the amount o1 sound aittenuation (hearing protection)
betwveen tlte sound just outside tlte ear cansal and thle oval window (entrance to the inner
ear). The original plans called for wvearable noise dosimetem and sophisticated integrating
and printtout sosund level equipments. Thse dosimseters were available, but the physical sound
level equipmnstts were tied uip its anothser experinment, ansd tlse only available mneasuring
equipment was a simple General Radio nsoslel I 565A hand-hieltd survey sound level mecter
(SLM). A'weighted sound level measutrements vere laken fromt two to eight timies at dii-
ferent Ihours ott different days its ecah area in -Isc subjects stood watches. These mneasure-
mients were cotmpared with thIose taken its tlw ~anic spaces by US Navy Preventive Medicine
Unit 6 a few tuontlis earlier utnder sinmilar utnderway steatminsg conditiotns (ref 5).

Tile duration of noise expoastre was ostetnsibly 4 hsoust (a nortmal watcht period).
followved by 8 hottrs in qutieter places, re, ~ated over a 2-week periodl. Its ordler thtat !lse satme
tten wuvsldl ott always stand thle muidnight to 04100 or 0400 Ic 0800 watch, at ''sog wyat ch"' of
2 hsousr vice tilte usttal 4 occurred frots. 1600 to 1800 ansd 1800 to 2000. A cotmplete watcht
seqttensce repeatedl itself every 3 day,-; to wit, 0000-04110, 1200-1600, and 2000-2400; 0800-
1200 atsd 1800.2000:atsd 0400-0800 attd 1600-I 800. Cotnsidlerittg ecaidslay itt turn, a nan
was tsoise-exposed 12 hottrs ott day I ands 0 hoturs on slays 2 and 3. oSr att average usl 8 hours
p-.r kity. Or course. otte-thbird of tise sstbjects startesl thetsir cycles ott slay 1, atnothier th irsd on
day 2, anttdilse fitnal thli rd oltit)sla 3. Sotme tten wvho were nol ott wvatch per se. wouldl never-
Sthelms irwtnd part of l'i e usual working slay (0800-I16001 in tile sattle noisy area it whlicht
Ithey stoods watcht. Ott smlailler shtips Ithis is ollets more I th' rule thatn tiles except ott, hut ott
ORISKAN Y, for thte 2 wevlis kI tlte sttudy . Itis was mtore tilte exceptions thtan I tse rule. Fxacte
dulratiott or expossutre tnitt wvhen off watch was no1, htowever, carefully accouttled for.
Attetstlrb wmere mtasde sto accountt fssr siff-watch activity bly givingti lte suthiels noise log cards,
1to fill outtt bstt Ithey did sot fill themt out systemtatically osr regularly andttslte it tetttpt wa3%
givels sip.

To sdetertinetis le exsact tntise expossire ott seat c. eightI comtttercially ta ailahb' noi~se
dositmeters were available to lie worns by Ithe mttbijeel it tltis ttssly. Thtsy were oflthrs's gesneral
types andttsIwo maittks, Tbhree mtasde by D~upontt %v- rv basedt sstt a 9lO-dIIA thbresholdl andl the
5-dill doubling rutle 0/10.o It1 lthis stsuly they wsere givent Ite ideletiit'- ttnthberN I, 2. ands 11.
Five were tmtade by etteritl Radlio: ttumtber 4 was baisedl ott I ts' 5/40O rule, tsundtliers ands Ii
were litises Ott a 3185 title. ittsl tiutittber 7 autt 8 svere basej ill ott a 160 rulle. Figure 7
ii it tlottsstgritlph for convertittg tile douses roasd Out tits twhse various rules to att equtivalentl
steady-st atc itolse level. For thIis stusdy. this Is at Valid colesilIecattss Its'e noise leesIsII
tilte uhe-o'usslareas dlid tsot clsatsge alspt'chtbly its les-I cithIer il lnittl OeIus-r at 4-I-our
scalds1 (Its withintiltIIe watchi %lanitt ntg area. Somtte of tlte dosttlseer% hail ttrllits' ons si'rul
atnd clipls ansI woo: ss-ortt at Vollar I(earl level, itller hialt nticr~rOpltte iit'tilv sllwth t ite unsit
attnd were vorttvi. tilte diesl Itocket'tirthelsd level. Howseveer. tIhe soise levels seere very soil-
sltant bsotht -officially ands lltvorsntally withbin Ithose ttnult 'lueleltvc reverberatnt Mpcs.Nismro
phonste placementtt 'aI inout Conssidleresdt tit e it ptroblemut of tite .titsse ttagtsitud ;is as iiisr iltiits
islenlttbiblo pttOlels'tt isan %oituld sertlittlfl ttt bie uliftervttislaei olut with tislls- Isteiger dalai t1,
wiere esslleclods. Figutre 8* Shsows t lte keoitrpstsa. RA Mlon. I IMI I. c alihtatIitig andu 'kit eaulistg
thse solorits-ers.

Us Ak. Iliititte. uini l'tesrststs MoikiistttI hilt oi tail In [it "in Iill~ fill (Au~. i-n, .2ti5 it im
AugfustIS 1075 it C ISIS KRA8
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PHYSIOLOGICAL AND PERFORMANCE TESTS

Three types of measures were made onl noise-exposed and control subjects: audio-
meter tests, four-choice serial reaction tinmes, and a tmodified version of tise Stroop color
word test. Each test is described in the following sections.

AUDIOMETER TESTS

The first concerns of excessive noise expossure is damage to hearing, either a temporary
threshsold shift (ITS), which is readily measurable, or a permanent thsreshold shift (PTS),
which is not so easily nmeassurable. On tlse average, noise exposures of 94 UBA for 4 hours
should produtce sonme 'ITS if mneasuired as prescribed; ie, withtin 2 minuttes alter cessation of
noise exposure.

The audionmeter used in tlsese tests svas the Grason-Stadler 1703 Recording Audio-
meter. a ftxed-freqstetcy Itekesy trace type audiomtteer that tests first .'tefrequencies

500, 1000, 2000, 3000. 4000, 6000, and 8000 1kz in one ear (the left) thten at tlse same
ordering of freqstencies in tlse righst ear, and linally at 1000 INI in the rightt ear. Figutre 9
shows two astdiograms taketn at 0850 and 1610 ott at sutbject to shtow tlte expectedl cotnsistency
when tested itt off-watch periods. Blaselitte audiograsns were givent to tilte 48 preselected entt
at dockside itt Alameda.ll Califortnia, before ORISKANY left for Pearl Hlarbor eni route to
Sttbic Bay. These atidiograttts were given jointtly by lDr RG Klttnipp of NU( attd Robtert A
Olsotn, Hil 1, Olson was beitng tratinsed itt thte use of the 1703 by D~r Klutmpp. Olson, or otte
of Itis colleagttes, also traittesd by Dr Klssmpp, gave all Iteu audiomteter tests otsce the lship wras
uttderwvay. More (details on sweep speed. titte ott eacht freq~uentcy. vet are available inth le
I1703 technsical ttanutal.

Thte backgrottnd noise levels ints lInasdttstrialI Acoutttic Corporatiott IACI attdiotnetric
booth wvere checked ottt in detail by USN Prevetntive Medicitte Untit 6 itt Attgttst attd spot
elteks were also ttade bsy D~r R( Klttttpp Iseforv OR ISKAN Y left Alatmeda. The botsthI mttt

s~el t iotts.Pugre 10 showvs tlte autdiotmeter, tlte boolth. atns Corpsttats Olsotn. Figure I I
shtows U utisl its the btoothI takitng I the audiotstetr tests.

I nit ial planntting wvas cetttered ott scltedulittg audiossteter totls for fottr stet allthIIe
beginntintg atsd tile etnd of otte of' thteir live different 4ltostr hi lst not ltevir 2*ltottr watchtes
stsntetinle durinsg Itheir 2-dtty steatinitg lteri'sd. Figureý 12 antd table~ I show ts' ititital ptlat.
Note thters' attr three wtatchtes covering tt I 2.dty steamting pteriodt (ftrotm Pearl I larbor it) Sttbt
Baty itt thte Phsiliptpitne Islansttl. Thets ttumerals abtove and belosw eacht 4-Itour wsatcht itt figttre 12
showss thse sublsevt lots seltedtslsd for audissttets'r test ott that particular sva wct Note that litt
sthis ttantner ettelma ttts watels %tsbs's'ltstt wousld tie tested before attd afls'r ecah wa tcht

pseritod sttte du ring tile I 2*say steattsitsg Pteritod tol wilt, antd as shtownt itt table I, t ite first
sutlts'etissn of watcht ost: tI IIt is it iotd before attd after I tse 0000.11400 svatclt on day 1., tilte
04100-0800t watcht ott day 3. titse 08100.1 200 wait ch oni dasy S. t Its 2000-2400( wa cht ons slay 7
an~d till! I201). 16(10 sratlti oil daiy hO. Table I sdettils toss all tilte ot her I$ %otselwvots'. art'
c'overeds its t itls samets getteril Inatssse,

A staissr tllj.'cttvV ofic vI Ies' srlstetttal design wVaN to get lsss011d~e. ot ettl t
wlatltl antd illograsIls 1ttssttetlsstly . (sstss1sesttily , wttIithi eacht group1 (itf %tbjeVIl t Itrs's'Isan
ts'attts ssere arratnged. otte (tintsl Vatsttvh t a , suchlt hin %tsbiec "'a"' I 12 I stIi tabile 21co'uslsl
Itars a prewVatels attditgristss ansd tepllac' "bI" I11 t . wsho ssottld the It'sIo ssttiektately I or
1t1% post watchlulaossn I our htour o' s"1 I.ttr''' II It woutld have Ins pretext antd replave
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.. t"(1121 ). whto wouldl imminediately have htis po st et. F-our houirs latler "'b" I I 11) would
have hisi pretest and replace "c" (I11311., who would i nited latly have his post est. 'nis
cycling would conltinlue for tile I 2-day test rvgimev. [lie rotation nelwuwi was supplewnnt ed
with it a tlight titagiltring of tile watch periods ns ttthtour 3-tttau control group teamals

* ~ ~ ~ ( 13- -) would change watchesn 30 mtinutes before t he schteduled watch chainge: tilie four 3-tian
PN\1 tetlium (2 1 --) would change 1.5 mintiute before tilie watch; and lthe eight 3-matt UN group
teatitis (I x1 -)Would chalitge Wathesie oti the hour (IlI - -)I andI I5 miniutes, past thle houir

At anl initial nii et ing abovard shtip before sailing. each tian wvas givn-t a 1by 5 card
liqntlg lhe exact littien ite wi'ts to have prenvatel anid potniwatcht itdoriaadt) rsIieve
andlor to hec relieved by Iti,, otther teatit itteinbew. The itmportanice of hauvittg hi, ot. P wat cl
audiograiti itnilildiately waN emtphasized repeatedly during t hl. ineetting.

lIn spite or' Iit ial brirefings. tile Issanaace of individlual schedutle cards, daily litietioti
ritiating t ile nhdtesto all hinvolved ileigiticeritig doparlwtitet divistons tA. hi, F. M. antl R
for postl tug. atidlie setiding of Itieseilgers lit, roltild up1 delinituen ts, it wvan noti t Isbleil
get (letiet t~ilto lie ald totietric test hoot it ott icheditle. It was a rite oevisioti inldeed wlucti
even ai silitgle itis-e onsdiidividual sltrted Ilki pouswalt ati d iograin wit (un 5 itit ve kitt
leaivinig tile ttnew 01' tilie I0 wit editlen atiditiniew let l tess r e-very Ntilteci 1VIoItttt anid at tel
each or t'il hiv e diftereit I4-lituir teritidN sel erntitre 12f nIa I, d ) tlie averaige t uriotitt was
StYl anid the average tittle aiter wtaichi wa% 20 (1)S iitinite.. 'I Ilie delay %vias dute to tilie



Figure 10. Corpsman admrinmistering~ audioni~vctr test.-

Figtott 11. Subject olmtde auditl hmnith taking .tudtutietet lest,
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WAIC(I1 PERIOD

0/4 4/N 12/f0 20/24
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t Dy 8 3 I I"
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f 13 2t I 1 2 !

f2 2 2
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TABLE 2. CODE NUMBERS FOR THE 48 EXPERIMENTAL SUBJECTS
ARRANGED TO SHOW FROM TOP TO BOITom THE 16 THREE-MAN

TEAMS WHO CONTINUALLY REPLACED EACH OTHER ON SUCCEEIAiNG
WATCHES. IN COLUMN I ARE LISTED THE THREE EXPERIMENTAL
GROUPS, IN COLUMN 2 THE INDIVIDUAL SUBJECT IDENTIFIERS,
IN COLUMN 3 THlE WATCH SECTION NUMBER, AND IN COLUMN 4

THE SUBSECTION WATCH SECTION NUMBER.

Team Individual Identifier

I UNI I 111 1 3
2 UNI I 1 22 1 1 231
3 PN 2 1 2 1 21 2 131

4 3 31 11 3 121' 3H13 1

5 UN :II:2 1 12 2 1 13 2 WATCH
6 UNE2 ]2 [12 22 1 232 2
7 PN2 1 12 2 12 2 2 13 2 2

8 ] 12 322 3 13 2
0 UN II3 112 I 33 SUB.

10 UN 2 3 12 23 12ý33
II N 2 11 21 23 213
I1 Q 031113 3 12 3 13 SECTION

13 UN :111 1 4 1 3
14 UN 2 4 1 22 4 123 4 4
Is PN 2 1 14 2 124 2 1 34
16 Q 31 14 3 1 24 3 13 4

23

(11181W at tile testinlg booth. since mvryoine tended to chnilge wullncLs at lI In aheduled tilittl
instenad of' oil the experimelnta~l staggeired swuinnll. Detiuled exmn at~liutonsv oI uvuilubln pmv-
waltcanlIld postwoltch audlograiny 10 identlifyly TS revealed notiv.

co~llsquentllIy fleBw dil~otnnrlnywji devised. Soulle l ittl aftelr 10 dayn II
sna, Iwo aIudiograIms taken before nd11 after a watch were com~pared t(1 I 1e subject's basenlne
aul~dogritml tlkeB alter days nd11 weeks fil port (tit Alamenda prior It) departulre . lzighll 01 31)

audiogratni were judged by at leatI Iwo people withI auldillogical traininlg 1o shlow ouile in~di-

FOUR.CI101VI; S1IT AL IMA(tIlONTILNI-ATISTS

Wilkinsyon I ret 6, 1961)), !il reviewting 1111 lIC8118riull reactin~t litlle (It )~ Insv,l
round thil to1 I be sns~itivee intfinL% o1 the eIfentt o1'environnlluntal Wi en itiWdk llto:111,1
Hou~ghtIon I ml* 7. 1017 S denigitetil af portalble loLur-ellolve 10' te~tor based till j bal Iery-Opeualnd

'Wilkinson.I ItT II1( ) Sitti l e l. .111 lait II'UIeIg 11 W erie5' i ll lite01100Cof AI fle% olan sl pet fol 111411e.
Psyvh Blull 72. !60-1272

'WilkinumlI. RI. and HouaghtonI. 1) 14712I, PoiiIjlle Eom-wi.(we Rvitol Itiii11W1 t liiMg I cle
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cassette tape recorder. The Ceq~uipnetl is shown in figures 13 and 14. Thse subject's task
is to push the switch that corresponds to the one liglltý'd bulb selected at randons by the
device. If correct, a 2000-liz lone is recorded (on the tape. If incorrect, a 4000-Hz tone is
recorded. The difference in time bsetween the lighting of tlse red bulb and tlse switch press
is thle measure of RT. Whethser correct or incorrect, thle pressisg of the switch turns Off'
the bulb and triggers the next randons choice of lighted bulb. f'omptsuer-aided readouts of
cassettes containing data onl tests given at the beginning ansd ending of the watch periods
to a limited sample from all[ experimental groups listed the number of attenspls, average
RT, errors, and gaps (RTs > I second) at the end of each nminute Of tsc 5-nsinule test.

After other testing routines had heens stabilized, subjects onl the 0800-1200 aisd
F.,1200-1600 watches were tested onl Ite Witkinson-liouglstoss device as soon as possible after

comnmencing a watch, atsd Ithe sanme subject was tested again towsardl Ile elsd of the watchl.
Frons one to four asubjects were testcýd dulring at given watcht sos that thle insitial time in noise
(or quiet) before the start-of-walell test varied frosm about 10 msinsutes to 40 msintutes. The
tinme on watchs, between tlse first and secontd tests, averaged 3 htours t±15 mnuisstes. No
predeparture baselitne tests in fact, no practice tests of' any type were given. fio%%ever,

Ypractice runs for as lonsg as echd stubject dlesired weere given priolr tII Ilte actual timsed
5nsilsntte test.

MODIFIED) STROOI
5 

COLOR WORD) ITEST

Dsuring the timne thata onse experline titer wats ast itsinieritg lthe four-choice RI' test,
Ithe secottd experimtenter was admsinisterinlg at fortm off i t St coop lest Ill anothsler sutsjecl
ill t ite work crnvirouttlets . 'Tile Stroup lest mteasulres, perceptuIal inlterference. Inlittle oni-
gittal (ills more tissual) fortt, five colores are ulsed its three walys. color tattes, fit black ink
(WORDS), color patchtes (IM LES), aid coslsor tames i15 i~tcottpalilslc lhles osf ink (fo Isexamptlell
thte wosrd REMD spellesl in green itnk (INIIXE)11M. TIte, subject's ulsual task is to ntinktl as msaity
WORDS, HIUMS or NIXED) hukes (15ot spellest wotrds)s a% posoille ill it tixesl lite, or its sosrt
Outt sets of labelesl cards whtile an expserimtentter fibites. hill. IThe mleasture ssf percept 5111
interferettce is thle ratio sof' (or dlifferenters bet ssee) n 1k lhe N \ilXETl) scores and citlher one
sf t'ile olther two scores.

11u: tesltIintg materials availablu abssarsl sltis ovleftrse frontt project PINtGI cotssisteml
01'tsily three cosltsrs (IM RED. *EEN, and~ 1I.,11E I. andt ittniit'titia I Siltf otides Itil ito tse 1111
easy a ltask, sits color paiirs were utsed its folltow.% pairs of clolr words, volsse pal Ites, imil1
colosr ntamtes psrintedlli illcsilltplltibll lioes were ptlacedtlls 36 vards. IFor thte color tattes
printted itt black ittk (WO RDS) andl~ for thle coltor tatcele 011,11.;,S), thlere' were foulr replic:a.
tioltts of all psossible dssttlslitlmltos; toe exaimptle, I he.re were four 1R1El) RIt D S, folll lRll
BLUAES. fou~r RET) t REINS fourt BLI.111 lIIIES, fotar HLI ,ItE I 1), DS our 111.1 t RI I(I t1;N'S,
foulr GREE IN REN.fottr WRU IýN REDS. antd Futs C RIJ. N 111351 S. For Ills' in5ollipalt.
ittly colored ittk ntamtes I NIXIM 1)lthere were Iscýeviarily foulr lcrnilttatin silts1s eacht conitti.
mitaionl: fttr examitts, RIti I) RI 1) was Printesd ill Ittiss sIt HHIII Ill (I *l B1(1 RI I-N, GRl EN'
GREEN, mtdilkl G EN I1:1. ~.1, iswvsh RI I) 1111,11 , RItl) 61 1R N, t. A boxl wit,t mlades upl
%%-Illt litte hlstt ideniftlied with Istalts if %-slsires palelies tn 11listults' wordsls ands stalivetN were
asked ft ofsst t[ts ltie sufledt dleek of *l0 ptliltted WOR II I 1 .;lls 1111lls'il nine1 hill% I see fig, 15,1 atnd
1511t. 'They weoe tittled %sil it aSlop1 wit cht secotltsl. tc sll li' I 1 'ssr111C11 th 1el~o ac arlds
0I(ES) I itss tilte tnile hsitls and1. ijttaKI, tlite .1s liwlcssllllsbslte bile1 wordl s';ssl pairs NIMIX I l.
'Thi6 slat dolsis s)It 35 ssllss's'i at tile Isegitl~lu ltl: tand kmal ti Its d o~l t ,s4-hssur wsatch period.



Figure 13. Picture of the Wilkinson-Houghton portable four.choice serial reaction
time (RT) tester.

Figure 14. A subject protected by an SPPearphone cushion tAking the RT
test while on witch.
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always in the order WORDS, HUES, MIXED. It was done in the watclistanders' working
environment. Since as many as four subjects were sometimes tested by one experimenter,
the elapsed time between teats was closer to 3 hours than 4.

The basic raw score consists of the time in seconds required to completely sort the
decks of cards into the bins, one score for the printed WORD pair in black ink, one for the
color-patch (HUE) pairs, and one for the inconmpatible ink-hue word-pair cards (MIXED).
There were very few errors, but whens an error occurred a 3-second penalty was added onto
the time score.

RESULTS AND DISCUSSION

AUDIOMETRY

As stated in Method, despite every effort to get the men to their poatwatch audio-
nsetric test as soon as possible after their exposure to noise, it tlid not work out. Preliminary
investigations of prewatch and poatwatch audiogranss showed a slightt, nonsignificant increase
in hsearing acuity after the watchs. Although not large enough to belabor, the apparent reason
was increased arouasal level. On average, and especially for those going onl watchs at nsidnight
and 0400, and to a lesser degree for thsose going onl at 0800 and 2000, the subjects were ,
often half-asleep durinsg tlse administration of the prewatels audiograus. At thle conclusion
of their watchses, tlse men msay hsave been physically tired, but tthey were certainly wide
awake and apparently attended somewhat better to thseir audiosmetric tests.

Since the tenmporary thsreshsold shifts at thle concluasion of the 4-hour watches wvere
not inmmediate and thserefore of nto diagnostic value, anl effort was msade to fitsd whether any-

one stustained a nmeastarable haearitng loss over a 10-day conttinual steaming periosd. Two audio-
grams onl eacht man. otte presvatclt and one postwatel. wvere takeas alter at least 10 days atI
sea. Thesea asadiograttas were thten compared In eacht mail's baseline audiogram. Thle resutaling
nuamber of comsplete sets of three atadiograms per person tactutally totaled 40. I lowever. tilte
swings or deflections mtade lsy one stbjec', betweent his Iteard and not-Iteard judgments were
often so lontg (t 10 dlB Ithat lthreshtold level cosuldt not hse detertmined obsjectively, anit Itis
atuaionititric set was discarded. Thtus. Ite final total was 39 sets of auditogramls. 01' these I
wvere front tlte qtuiet group ( Q. fig IM1. I I front tlte psrotectedt group I01N, fig 171. ait!i 1 7 from
tilte uttprotectead grouap, of tilte uniprotected 17, ttinte wvere known to be unprotected all thec
time (UN. fig 18). Sotte doatbt existedt about eight as to whtethser thaey did or did not1 wear
earphltoes (protectiott m aost of' tilt! tittle. Thtese eight we5 re rentovedl fromttilte unprowtecte

group to ttake up a fotartlt group called asstuniea unprotected (AUN. fig 19).I
Tte htearittg level% (IIILs bselow 2 kilt. for aill grouaps were hight.ias if low- rtrelaeascy

ttoise amaskitng wats at factor. I lowever. noise ttefratnsin tile bootha indicated thle
contrary, leaving twos possibilities: unsatisfactory eantauff seals or anstl-oclirin
astalionteter. Shitco Ite atudiomseter was calibrtatetl before tilte stutdy began. thle eartnuff seal

ttttast htave baeeat faulty.I
Thec averages showtt ilt figures lb thlrosugh I') inadicate highter baseline t itreSholdN tit

tilt! left ear at tilte threeý lowest frequencies. Ibis Could very well hie a practice effect,. sauce
tilte left car baseline I lresholsls were t ite first that it Nubiect worked onl ant thlis testinug formiat.
This would vxphlait thle faet 111 tilt! tllc uprotectele ud andne uasattelttpratcelotelvdlv ears showed
not thlreshold shuifs inl thle lower frequencies anl thle trewatcla and postssatcht aadiogrtaasl

whaile thec rightl ears didl shoaw somec partiacaularly lat the potasswalcla tests.
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Thle high hearing levels (IlLs) for all groups at 3, 4, and 6 kl-z, shows inl table 3.
indicate that at least sonme members of each group have reduced acuity (probably II'S from
long-term noise exposure). Thle quiet group shows no threshold shift in thle postwatch audio-
grams, wvhether compared to prewatch test or baseline test. Thle protected group shows a
mean 24.l-dB threshold shift in the postwatch test ahove 2 kHz in the left ears hut none in
th.- right ears. The assumed unprotected group shows a possible postwatch audiogram Shift
at 6 kHz in the left ears and at all frequencies in thle right eams. The unprotected group shows
shifts at all frequencies above 2 kllz in tile left cars, as comipared to baseline but not as cons-
pared to the prewatch audiograni; the right ears show tile saine at frequencies above 2 k~lz,
but there are also shifts at I and 2 kHz with respect to both baseline test and prewatch test.
All poatwatels 3--8-kilz thtreshsold shifts from baseline audiograms were evaluated Isy tile
1-test of significance: the only one found to be statistically significant wvas thle 5-dB nican
shift at 4 kHz found in the right ears of the unprotected group. This shift was significant
at helter than 0.01 probability level. Significance ofsitean shifts oif conmhined prewatclt and
poatwvatels thresholds frotm baseline was also checked (both by tWest, analysis of var-.ssce.
and F-teat), but these data did not reacs the 0.01 level oif significance.

As tiight be expected, the meats audiograisis for all test sessions combsined dippied
lower in tile htigh frequetncies for lthe twvo unprotected groups than for tlte protected groups.
The mean 3-8-kilz hearing levels were 10.4, 10,10, 1 5.3. and 15.5 dBi for tlte quiet. liro-
tected, assumed unprotected, attd unprotected groupis, respectively. [lowv much oftltis
average 5-dB difference cats be attributed to tile particular noise environtments described in
this report is open to qttestiott, but the differetnce strengthtens thte possibility Ithat Ithere is a
gradual occupationsal thtreshtold shift accruitig, though too gradutal to tiseasure over one
steatning period weith the degree of audiotiteric schedule deviatiotns describsed.

Itndiegonaeal evalttatin ofti lt1' ! s settior author attd a research audiologist frott Ith
Sa Deo avlRegiotnal Hlealtht ('enter I Paltiter Neft) founid eightt of tlit 39 twitt witht

observable chtanges its hearitng level. Of these, four wvere intsilte utsproiected noise groutp
attd Ithree were lits tilte asstlised utttprotected group~, atttd otne was frotm Ithe tqtiet prottp wlto
stood watchtes it tilte liigitseering Lop Rkoom. contversationss witht hittt attd soiste of Itis
matmes frotm thte satte berthtittg area) revealed Ithat during atty available leisutre timte lite
listented cottsatstly to losad rock attd roll mtttsic. Ilis mates fitnally psersutaded ltimttto listett
lthrotugh earphloines to keeps the nulisanee valtue downs. lIe Statedslite alsways listlettd altilte

loudest level hse cottltd tolerate. Fxcept for Itis left cur at 500 attd 1000W lhi.e appeurs to
have a rathter consistettt II'S of absout 10 do,.

NOISE EXI'OSUIUL

Allthoughi msore deltailed, tnasuaremtestts are available, the getteral rv~ttltN cantsie ttt
tttsrieed bly ttotittg thsat all spaces ovcttlsed sy tilie tsoise-expowds sttbjects i It were veCry stable11
fin A-weelgtlted ttoise levelh throughtout Ity -houstr wattcht at aboutt 192 dBlA Nstatdiars dovia-
lusts 0 liQt 121 were co"slslett sWitthtt an) selcttattditng area, ansd 131 were tever intuWsl
the litmits (if 9)4 10I silt A-seeighttisg. witht C-welglttiitg mitttus A-weiltt ittng levels of 5t 2 t)
dol. Tile aniboliit level fosr the conttrosl miubjects waý 681115t d A witlh I-A dIifflervivlss' o
9- *) dol. The mtore detailed llteastretslttni sire divtscueds furt her itt thle ~moiois (itt slomtiss't
whlich follows.
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TABLE 3. AVERAGE HEARING LEVELS (ILL) FOR FOUR GROUPS
AT 3,4,6, AND 8 klilz IN LEFT AND RIGHT EARS FOR BASELINE.

AND PREWATCII AND POSTWATCIt CONDITION.

Quiet group (N= 11)

Left Base Pre- post- Right Base P're- Post-

3 kltz 9.6 11.6 10.9 3k1lz 9.4 9.8 8.9
4 13.6 14.9 12.4 4 14.6 14.3 13.4
6 13.2 11.8 12.4 6 170 11.4 9.7
8 5.2 4.7 5.6 8 5.1 4.4 4.9

Mean 10.4 10.8 10.3 Meaa 11.5 10.0 9.2

Mean ILL for all conditions 10.4

Pro)tected

Left (N=11) Right ____

3 k~lU 11.1 12.3 13.4 3 klio 16.1 ý, 6.0 7,8
4 14.9 13.8 16.4 4 13 . 0.4 8,6
6 15.2 13.7 17.4 6 10.6 10.1 10.1
8 6.4 7.2 8.1 8 2.6 3.6 3.7

Mean 1.9-- T1.8 13.8 hMean 7.7 7.1 7.6
Mean IlL for all conditiots 10.0

Assurned Un~protected :

Left W-"8) Right_____

3 k~li 16.8 16.5 IS.9 3 kill 2A4 130 15.1
4 21 17A) 2..1 4{ 12:2. I 7.5 1.t)

1 ,4 14M 16.6 20A4 23.1

Mea.tn 14.4 14.4 1M7 Meita 14.2 15.2 17,4

Meant IIL (of all cundhllwt - M.1

Left .N... .. Riplit

,MUI A.6 1$. 17,6 11Lif !.6 14t '4:
4 I ,1 219 I0.2 14,0 I16,8 4.0

6 .I !7 201. I8 6 u 14.6 I 5-
N 12" 2101 17J) x ,(t 10.0 LO."

M0,tt 1•79 1 •. 4 IN K6 hcin ll t 14A 1.9

N160"r ItL for •Il e,,ud ittts 10 ..1

(- -I



DOSIMETRY

Figure 20 shows the equivalent noise levels as measured by dosineters whicht were
worn on 77 separate occasions (4-hour watchses) by 40 subjects in I I different spaces. On
14 occasions the saane man wore a 5/90 and a 3/85 role dosimeter and these pairings are
plotted according to tlse identity of the pairs as open symbols is figure 20. If ( I) each
menmber of the pair swas accurately designed and calibrated, (2) the microphones were worn

Vat the samse genseral location, in breast pockets or on tltc belt, for tlse entire time, and (3)
the assumsption is correct that equivalent steady-state levels canl be used as a (latumn, then
these paired dosinteters should define a 45-degree line in figure 20. Of the 14 pairs, I I are
within 5 dB of defining the sanme noise level. The pairs at 70-78 (2 and 5), 83-68 (3 and 6),
and 92-98 (4 and 7) do not meet these criteria. None of the out-of-line pairs have enough
othser points to determine whether thtey are in fact out of calibration or whether sonic other
artifact entered into tte ntisttatch. The pairs most often matched (I antid 5 six times and
2 and 6 thsree times) do fall into a litnear configuration with a slope somewvhat less than 45
degrees. The other pointst on figttre 20 are measurenments by a single 5/90 Wx, 3/85 (+), or
3/60 (+) dositmeter atsd plotted onl the 45-degree litses. Ttsey define a hsistograns of tlte noise
exposures encostntered ints le study. There is sonic question of tise validity of the four tion-
circled data points at 71. 72, atsd 73 dflA sitsce they represent doses of?, 2, 3. and 4 per-
cent. whticht is also the case for thte lower reading of the 70-78 atsd 83-68 pairs previously
menttioned as beittg beyond tlte usable error ratnge. Percetttages of 4 or less are suspected to
be due to circttitry noise (errors).

The modification of tlte 3/85 dosinseters to lowser their threshtolds to 60 (113A, called
3/60. was sot satisfactory for ttsage in quiet areas aboard shtips. Tile reason is thatl thteir
dosse rwadls ontly to 999, whticht correspotnds to ats eqttivalettt steady-sattte level o1 73 dBlA.
This obviQusly is tsot a Sutfficientt range (tnote tlse truttcatiott tor bnhtttling oif dahttut pointtt
at 73 dB). Aboard aircraft carriers, att obviottsly better chtoice, or sitmttle ttodifications.
would have beetn a tltreshiolt of 70 dli. Its actuality. for researcht putrposes, dosittielers thIat
give tilte antioutst of accsttsulated lttle, tltat tlte levels exceed eacht 3- or S-dB steps wottddtbe
ttore approprittte.

The object st tssttg tilte sosittseters wats Iot to cross calibrate thsetm. hlltt to set!
whelther Ithey Ipredicted its alty waty obsetved tsoise-Ittduved hteatrittg losses attd/or to see
whtethter thteir tmeasutres correlatedt witht ph~ysical le is teasttred litt the work areas. A% ý:atedl
previously. tlte prowatch versus postwvttclt atdiotoetirk dott were stot well cont rolled. but a
mtettsutre 0of to0-day T'I'S was 'Ised to Itdettit') sttbjects,. '1`4lvi 4 andi S aire laid ottt tos answer
both Itese qttesttotts: Are: tte ttoise exposttres preater ;'i Itie tttetl shtowitng sotste 'ITS? Antti
Itow ntoisy are tlte work areas itt terms oif equtivalettt ste sdy .ttt tit ele ve i . 1 SSNLYl?

Fromi table 4 it is aplparentt thtat there is tolit) lfsat noise exgsosttre level dIifferencve
betweest the eight sttbject,, Wilt) exhtibited sottte 10-day IT'Sattd thlose wlto did ttutl. 'The only
thtltg thtorottghtly cotviwittein is thtat ithe subjects wto ttorttally wore lntairittg proteet ion were

tttatmottg, tilte eightt exhtibiting ITlS.
C'ottcernittg tilte Comparison betsseett ESSNI anttsphyisltical noise levels, it catlttbe tih-

sersed frott tables 4 attd 5 thtat the agreeenivt i% withttt2t ill attd ttot stat otically different.t
And hoht is gree. and olisvrvatittt cottfirtm%, t ite level% in After Steelintg are gs'tset.dly highter
attd tmore variable.

C'rncerfuttsg dos% wvithtitt the ratste work area, thIere are variations I trottt 84 Ito Q5 tit
Ftre Rooms 1. AO fito 95 itt Fire Roomn 2. 81 ito 93 in Forward Fnlgiste Rkoom.l aniItd" 8Io ItII I
itt Alter -Stcvrtttg. l'lytysial tneasuretnents agree Itt generail. bsut peopsle doocattal
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TABLE 5. NOISE LEVELS IN MACHINERY SPACES.
EQUIVALENT STEADY-STATE NOISE LEVELS (ESSNL) BASED) ON DOSIMHETER

READINGS AND PHYSICAL SOUND LEVEL METER (SLM) MEASUREMENTS.

ESSN L from SLM from
Table 4 & Figure 20 PMU 6 (ref 5)

Standard Standard
Fire Roonis Mean Daviar ion N Mean Deviatioin N

I 90.5 3.1 17 92.0 2.8 18
2 89.8 3.9 14 89.4 3.5 17

3 87.0 0.0 I 89.5 4.2 15
4 80.0 0.0 I 91.4 2.9 14

Fwd Eng Rm 89.5 4.7 18 92.8 3.2 63
After Steering 91.1 6.5 11 t4.0 6.0 37
Avg 89.9 4.5 62 91.6 7.9 165
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UNPROTECTED NOISE GROUP , / 0 ____

0.7-___*-- -- V
\ 0
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0 0  a
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rutakr•ordetrd fronm left Ito right on itie hi,•i, of tihe retavion t ie IN IRTI 1¢m al Ih.w etntd ol the
wvaldl. whicl itI ,tC1l3littI Il I he weOtmr II ViIII Ot I Iite t or root.1 iThos til lte extremite
elfl tltve the %horoesl r, iWltad oaeldl sttloed¢lljg ublhevi o 1ih, rightI Ik0, propetvj-sively lottpir

to rWvao The getleril I rentl foi lil IstllicsI, k i, t terlmtor,;t itt prl orittmttiee (Ionter RIT, for
c;tet %lit5 eekldltt ittillttle tf Ite 1wIem antd Itt tltcreahe ill ptrfoOIUIIUe I horlmer RTsI log the
wecoold lotwI I k th end o0 at 4.-tour •v,'l•.ith,
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Figure 213. Average RTs, gaps. errors, and gap plus errors.

A measure of tire deterioration ( increase) in RT over the 5-mninute lesting period is
a positive dIifference bet ween the ntrin of the RTs at the end of minuftes 4 and 5 and thle sum
of tminutes I and 2. Table 6 shows these differences for each subject in each groups and con-
tirmns that 36 of the 40 tlirterences arc positive. 11w- interesting point is that hothI noise
grouips slowed down more alter 5 mnitntte,,or testing at thre eind of tile watch thait at t ile
beginninig of thle watch, while the quiet group didlife 1 reverse.

Anothter mteasure of performrance decremnwt with prolonged test ing is tilte increase of
abnormtally long response timies first noted aind called "'blocks"' by Bhills I ret'g, 1931 t aid
tiow often called "'gaps" (Wee summtary review by Poulton. ref 5), 14711t. Ini this tour-choice
serial reaction timein task, a gap is slefittel its anfy response t imte greater than I seconsl. The
difference bet weeis I tie numnber ofigaps atl thre end of tminutes 4 antd 5 and oftuintites. I and
2 gives a mteasure of thtis type of deteriorsation. Tiese dIifferetnces tire aliso) showen in table 6.
Note that tilte quiet subjects show at decreasinig rate ofsleterioration on thIe end-sit-wat cl test
Wthile tilt, two itoise grouips show thle reverse. Ilii summisary . both fitlte HT attd gap tmeasures
show greater rates sit leteristrition tor tilte two ntoise grotups onl tile endiit-wilt cIt test and
less for t lie qutivt group. althtustgh tone of thlese observatiotis reach st atistical spifcne
It siosild lbe remiemiberedl that thlese suibjects took tilt lieets duirhiig t heir ssaichts fin t heir
swatchi tatiotis. IThewe were tnoticeable job-related dlimraciotis. such as Iivhir miawes' react ing
Itt Ver). ative aitd itteanlittgfsl ways ito gaittig poinlters olit of lim its, etc, aitd sotlvtit'o these
"livicisetis' are reflec ed Ill spurious points Iit figutre 2 1. It ik believetd t hat larger samplings
it slight ly itore reitotc positionis wyould base tgligtented till tlt? results. As t hey statisl.
htowever. t hey Itruly repirveet tilte effecs o ilie11 etviniiittteit otil theV iliaii's pertormttance.
It tis not polsible to have realisti ands still get results. -&ithl abloratory-likv precistust.

tHilt, At. Il 'iii 1,'Amg. liew litistp0Vteit. nIesitn~ 141tgse Aiimll'sc, I t K 2.41(1D- 2-t
l'ototil. I( 111,111 Iomisi,,iiheiit mad Ilatiman ft tmoety. Stiittigtteld. Ittamots. I hiumt
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TABLE 6. SUMMARY OF DETERIORATION IN REACTION TIME (RT) AND
INCREASE IN GAPS BETWEEN TESTS I AND 2 (START AND END OF WATCH).
THE DATA ARE DIFFERENCES IN RT OR GAPS BL IWEEN THE SUM OF THE

SCORES AT THE END OF MINUTES 4 A ND 5 AND THE SUM
FOR MINUTES I AND 2.

Reaction Time Gaps

End Start Difference End Start Difference

3 -4 7 0 0 0 j
98 116 -18 3 6 -3
98 112 -14 4 6 -2

Quiet Group (Q) -29 91 -120 -3 8 -1I
155 217 -62 4 2 2
55 185 -130 2 9 -7

191 71 120 12 7 5
Mn 81.6 112.6 -31.0 3.1 5.4 -2.3

a 78.5 73.0 85.0 4.6 3.3 5.0

79 69 10 4 2 2
60 84 -24 5 4 I
21 -50 71 3 -4 7

121 4S 76 -3 3 -6
Protected Noise Group -3 26 -29 0 4 -4

189 9 180 7 7 -0
(PN) 12 -127 139 7 -12 19

-71 87 -158 7 II -4
Mtt 51.0 17.9 33.1 3.8 1.9 1.9

o 80.2 73.9 107.1 3.7 7.0 8.1

33 -64 97 -2 -10 8
72 13t1) .- 7 2 4 -2
87 -68 15$ 6 I 5

I Jlptelected Nolso Group -35 6 41 -1 8 -0
72 148 -76 0 -2

(UN) $2 .35 87 I 2 -I
so 133 -83 5 6 -I

142 66 76 4 -1 I
Mt 19.-1 40.6 18.5 1.9 1.0 0.4

o 50.2 92.6 94.8 2.9 5.6 5.3

III addition to ongoing htanges it is also itportlanI lo look at average ctanges for the
whole 5-minlute lest between tile start. andt e|tdell.,watch tests. T'hese tire evitlenl it figure 21,
where it can be toted tha iotilie 11060 ou) (UN), vena of eight subjlcts. show
consistently reduced R'I's and gaps tt the end of the watch.

The protected group I1PN shows only I tonsistentl Iiltprovd) suthjeclt, ntmher 5,
three highly Variable, and fou1r subtjtwls that Vary intollsislellty and 1iltitiltlally hetweell the
teghilning 1ir1st) attd eotd (secoltdl) of watch tests, On the uverage (see fig 221. tile vnd-ot-

watht RTs arc slightlly shorter.
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The control group (Q) results in figure 21 slhow four subjects withs consistent end-of-
watclh improvements and three variable subjects, but six of seven wvith an avelage improve-
ment (fig 22). The gap data (fig 22) dlisagree onl only one subject, number 3.

In general, the error rate is not highs in this type of test, and that was true for this
sample. Errors are listed in tabular forns on figure 22, and there are but five subjects wiso
make more than 20 errors (out of about 500 tries per subject, so tlsat 20 errors represents
an error rate of 4%). Three of thsese are in the PN group.

Figure 23 shows experinsental group averages in terms of RT, number of errors, gapss,
and gaps plus errors. Note that all groulfs shtow a reduction in RT and gaps, and all except
the PN group show a reduction in errors plus gaps.

In sunsmary, tlse four-choice serial reaction test results given within the first half-
hsour (start) and last hsalf-hour lend) of a watchs show that all Subjects tend to deteriorate
toward the last 2 mnisutes of the S-minute task boths at the start and end of a watch. However,
the rate of deterioration for tlse two noise groupa is greater at the end of the wvatcht while tlse
reverse is trute for the quiet group. Averaged over all 5 minutes of tlse test, all groups Shsow
imsproved perfortmatnce onl the end-of-watch test, due in large Measure to thle fact thsat it
svas the second time Ithey took tlte test. The amiount of improvemsent was greatest for the
UN group, wvlo also slid tlte worst onl thle first test. Thte itmprovenment its RT (shtorter) atsd
tries (msore) was accotmpanied by a reduction in gaps.

The results could be explained by assuming the noise aroused tilte UN group to
greater effort (msore tries and shtorter RTsI, but Ilsal withsin tile 5-nm1intttý suistainied test thle
rate of' deterioratiots was increased by thle noi~se exposure.

MODIFIED STROOP COLOR WORD TESTS

Sittce ite sutbject popttlat iotts itt these teals kept chtattgittg, it was totl feasible to run
this test ott subjects prior to Ilse Iimte-hin-nise at sea.- Therefore. since there was not baseline
test,- the re was, a learning factor ittvolved and(. (lte secondttsest (givett at least 3 htoutrs after the
first) witss always performuedl it less t itmte, as catn be seen titt table 7 and figures 24 anmd 25.
Table 7 attd figures 24 attd 25 sltow Ithe restult,, averaged over tlte three grottps (Q. P1N. attd
UN) for Ithe Ithree types of Stroop mtmtterials ( WORD. I U F. antd MIlXED I for bo~th the start-
of-watlel Ill timts redutctiotn ratios I(fig 241 attd 12) sliffvretmees betweent all comtbinataion,. of
WORD), IIUE,. anmd MIXFI l DIMFS (rfig 251. Arrow letngths represett clmamtge itt thtese
quat~t~litiles with tilte Seconds givittg of Ithe test.- Note thlttt Ill all groutps perfortmed all tasks
inl less little ott I tie secotttd presenttatiott of Ithe test. ( 2) all groups took les's Wiltt Ito sort thi:
IMIE cttrss attd mtore Ilittle to sort the: MIXFDl cards. antd 131 tIme! Q group took appreciably
ttsre filittl onl tlt first NII XI) sort atnd showved time greatest ittprovemtentt ottil(tt! .secottd

NilX11iI) sort. Thme amtmtutlt of imuprovenmetnt little reductin otti ttIlte ettsl-of-watchl test is
plot ted ait tilIe bot tottt of figure 24. Over all groups andmslIaterials tilIe l ittte reductiott ratio
(TI/T, II averaged 0.8 1 ( left oard intae I so rthe average imtprosvetment wats 1.21 I(rightt osttdittaet.

T111V sigttiticammse: of Ithe Strsoup lest lies itt Ills- attlomua of penrcet hal imtterfvrvnmce itt-
dinced by pritmt tag thle color ttattts itt ittcomtpatible hutes here es~ptvsese a% tlte dlifteremme
bet weett tilN MIXEI)D score antd t[lie lltUF scotre atmdlor tile differe-nce betw'eenlt he NiI XEI)
antd WORD scores, iThe I 1 t1t0sF ( I I ieem i-tl ia ntent ral niumeumre lthat cant he
used as a baseltat: or %cotttpatisott ittasttre fortsilte otlher two. itev three differences" lor hoit I



TABLE 7. SUMMARY OF MODIFIED 5TROOP COLOR TEST RESULTS IN

SECONDS (WITH CORRECTION FOR ERRORS; IE, 3 SECONDS
ADDED PER ERROR).

W H M H-W M-W M-H

Quiet 1 101 92 136 -9.0 35.7 44.7 1

Group 2 82 73 92 -8.6 10.1 18.7 2

n =9 2/1 0.83 0.80 0.68 -0.4 25.6 26.0 1-2

Protected 1 97 85 125 -12.1 29.5 38.9 1

Noise 2 82 76 96 -6.2 13.5 19.3 2

Group 2/1 0.85 0.85 0.77 -5.9 16.0 19.6 1-2
n=13

Unprotected 1 105 93 125 -12.0 19.9 31.9 1
Noise 2 83 77 l01 -5.5 17.6 23.2 2
Group 2/1 0.79 0.83 0.81 -6.5 2.3 8.7 1-2
n 13

W = Pairs of color name WORDS in black ink
H Pairs of color (HUE) patches
MN Pairs of color name words in incompatible ink hues (MIXED)
I = Start.of-Watch test (within first half.hour of 4.hour watch)
2 = End.of.Watch test (within lst half.hour of 4-hour watch)
2/I Ratio of End.of.Watch to Start.of.Watch (time reduction ratio)
H.W, M-W, M.H equal differences in sorting time scores

the first and second test ott each of the three groups are shown in figure 25. Both measures
of perceptual interference show an appreciable reduction for the two control (quiet and pro-
tected noise) groups between the first and second test. Analyses of variance tasks on thtese
differences fail to reach significance, which is not surprising considering that tIle tasks were
given on watch with no prewatch or baseline practice test and the ongoing environmental
distractions were great. It is believed a larger satmple given it situ but 20 feet away (witlh
back turned) from their tustual watch station would increase ithe precision of niteasurentenl.

The reasons for tile trends shown in tie Stroop test results are far from clear. For
one thing, tie unprotected group showed far less perceptual interference ot the first atteaitl
at tile test (after being in 94(W7) dBA for I5 to 45 tilnutes). This could be In :;,s act fromt
the way the groups were (inadvertently) chosen; to wit: it becante apparent after ithe initial
assignment of noise.exposed tten to tite protected and tile unprotected groups that many of
ithe unprotected actually were sound-powered phone (SPI) talkers ont ati least some watches

and therefore wore att earphone-in-intuff i type of hearing protection. These Men were, cotl-
sidered to be in the protected group if they were SPP talkers when given the Stroop and
reaction tile tests. However, they may have been selected as SPP talkers because of titeir
linguistic abilities and the perceptual interference of lte Stroup test is a linguistic interfer-
ence. At any rate, it should bc. remtemnbered that aI most these men represelted fevwer than
half the people in the protected noise groitp.

Another source of confttsion i interpreting SIroop color word ilnterference in noise
is the presence or absence of an auditory/verbal factor, D)o subjects sul-vocalize tite nante
of tile color it the process of mlaking 'heir decisions? There was no reason to expect thai
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interference scores at the end of the watch as comnpared to the quiet groups who, in both

casv3, improved (showed less perceptual interferelnce) at the end of the watch.

CONCLUSIONS

The major observation of this shipboard (field) study is the almost inlsurmountable
difficulty or running it controlled experiment oIl a not-to-interfore basis on subjects who
are not hlghly motivated, Although all subjects did Indeed sign "vohl•nteer" statements. they
were not true VolIInteers. "11tT is, it could 1ot ho sltl that there were available Inore that
enough subjects of the type needed and only tile eager, conlscienltious ones steppCd forth, 4-
Their watch schedule was altered to include a "dog waltch" every day vice once every fifth
day or week, and thds seriously affected their sleeping routinoe at least. such comlplaints.
were stated. The experimenters had been led to believe that it daily dog watch was typical
in the l.in-3 routine and were not prepared for the alntagoilsm thisi created.
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A second related observation was that tise watch cannot be staggered by a factor
of ±Yz-3/4 hsour, even when preplanned and agreed to (inl principle) with both the officers
in charge and tite three-man teamns assigned to expedite it. It appears that if extra dutty
for which tlte subject sees no gaitn to himself is added, it must be exacted in a hard-isosed,
chain-of-command, continually supervised effort. Tisis reaction its itself miay say somethsing
about the fatiguing, irritatinsg aspects of standing 4-houir watclhes inl hot, huniid, noisy
eingine rooms.

Since it turned out to be imposssible to get adlequate immediate postwatclt lnoise)
audiogranss. tlse conspromnise of findsing I10-slay (vice 4-Isour) scrmipermaiten t threshold
slhifts wvts used to evaluate the effects of cotstinsial l-itt-3 watches (essentially 4 hours in
noise and 8 hours out) over a I10-day period. In tlsis manner, eight (of 39) tisen were found
with observable threshold shifts frons heariing performatice levels shown by their baseline
asisiograms (taken before tlse ship left port atsd after being itt port for a inininurns of' 2
weeks: ie, the subjects isot standing watchses in the nsoisy fire roornis. Of tile eight, onie
wsva front tlmc cointrol, or work-in-qsiiet (the lingiiseering Log Rooisi). group of 12 subjects.
This subject slid, hsowever, listen to very fust "nsnsic" wheisever he had aisy leissire timse.
Of the remsaining seveni, all stood wvatches in nsoisy areas 194 ± 7 (IBA): fouir on ito occasioin
wvore aity hearinig protections: thsree wore no protection bitt nit sorne oiccasions wore SIT~
earphonses in cuishionis. These sevent were frions a total sample of 23 nsuise-exposesl
uniprotected ssubjects. None of the I I subijects wlso alwvays wore hsearitig protectiots were
amtoing tilie thsreshsold shift group.

D~osimteter results shosiwedl that the typical nosise exposure its ternms sif eslitivaent
sleasly-stuite ntoise level itstilte space where 51051 imeauitremnetts were maude averaged 89.9
dBA with at stanidard deviations of 4.5. whereas physical mteasiures averaged 91. Ii lIA with
at standardl devistio itit'o 7.9.

Oms at psyclmomtotor fotir-elsoice serial reactiontimite lest, aill sbljects liii nomise antj
quhiet) d eterioratedsol nitlte average whten pserformtantce almtimtmit ies 4 andu 5 I st'a 5-mtitttte test)
wats cosmtparedl toi performantice the first 2 mititimls. At lthought mot statistically signiificant, I lie
quliet group sdeterioratesd less thtan thle protlectesd or utnprotected nosise groiup. Simiilarly. aill
three groutps shotwed ittprisvmttett in perfoirmsance stinthIle react ison timie test ntear I le endu of
thle watchltas comttpared to performtantce ineair the start of' tilie watch. There was apparentlly

* a~~~i leiirnittg Ibetor. Thte tmnproveleteu noise group shoiwed Ithe greatest endu-iil-watcl imtprsove.
* ti~~~mentm . lutt this ciould have breen becauise Ithey performted woirse thtanm tIme others ait tile start

oft t ite watch (atiter frontt 10 to 30 minitutes !itt ioiseC).
* hi~~~erceptualh intterterenee wvn ites i itsred by t mtodlification ifli [lie St roump coloir wvord

* I t~~~~est. Again, tall grosups imttproived Itheir overall pterfortmance otiltilie retest toiward tilie endu sit'
5 wt iacli ,11Cii utttltiIlfeeteu %itimise groutp htad thle least perrceptuatl intterforemtce ott lthe stirt.
sul-watltl lest andti lie (Ithul groutp the imoist intterlerettee. lBmthI contirol groups (qi~uiet stil
psrotected noisse)I showed reduittios Ilit perceptual intterferemnce ait time eud of ut watlt: (tlie
tittlrotveted toiuie gmous dlid tiot.

REICOMMENDAI)rONS

1.Verif Ifitle results ill' tis liiirehimtittiry sttuldy my% relmevuiulti tlte tisist signifiicanti
liii is witl Itsit ex pantdeud %hphllmoru teamti incluiing a LISN C'hief let i y Officer selose re-spotims
ihilullyl umilld lie it, e'Xplvdte amtd achieve t-oitiphlsme wmt timIlie conitrolled testinig ehmedumils
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2. Develop a wearable noise level accumulator to supplement existing noise dosi-
meters (too simple) and to better correlate performance and hearing tests to actual noise
exposure.

3. Implement educational and compliance techniques to get more people wearing
hearing protection to help save their hearing, improve their psychomotor performance, and
reduce their perceptual interference in noise.

34



REFERENCES

1. Cantrell, RW (1974), Prolonged exposure to intermittent noise: Audiometric, Biochemical,
Motor, Psychological and Sleep Effects, Laryngoscope, Supplement 1, 84 (10),
Part 2, October

2. Hartley, LR, and Adams, RG (1974), Effect of noise or. the Stroop test, J Exper Psych.
102 (I), 62-66

3. US Department of Labor, Occupational Safety and Health Standards, Federal Register,
XXXVII, Part 11, Washington, DC, 1972

4. US Navy, Bureau of Medic'ne Instruction 6260.6B, 5 March 1970

5. US Navy, Environmental and Preventive Medicine Unit 6 Encl (2) to lItr Ser Ell MU6/6:
vn, 6265 of 8 August 1975 to USS ORISKANY

6. Wilkinson, RT (1969), Some factors inlluencing the effect of environmental stresses on
performance, Psych Bull 72, 260-272

7. Wilkinson, RT, and Hloughton, 1) (1975), Portable Four-Choice Reaction Time Test witlt
Magnetic Tape Memory, Behavior Research Methods and Instrumnentation. 7 (5),
441-446. September

8. Bills. AG (1931). Blocking-A new principle in mental fatigue. Ant J Psych, 43,
230-245

9. Poultont. ECt 1971), Envirotnment and Iuman t :fficietncy. Springtield, Illinois. Thomtas

i3


